A study has been made on Fly-ash-blast furnace slag blended geopolymer composite. Formation of an alumino silicate hydrate gel in presence of fly ash requires an activator solution of higher pH but formation of calcium silicate hydrate gel in presence of blast furnace slag requires an environment of lower pH. Therefore, an attempt has been made to appreciate the role of alkali concentration to have a high performance Fly-ash-blast furnace slag blended geopolymer composite. The test samples have been subjected to a curing temperature of 60 o C and alkali content has been varied from 4% to 12%, to appreciate the role of alkali concentration which fosters the growth of both type of gels. The reaction products and microstructure have been analyzed by SEM/EDAX, XRD and FTIR analysis. Zeta potential and electrical conductivity values have been also been studied to appreciate the colloidal stability of the blended composite under different alkali concentration.
INTRODUCTION
Some research has been conducted on alkali activation of fly ash and ground granulated blast furnace slag(GGBS) [1] [2] [3] [4] [5] [6] . In most of the cases either the fly ash or GGBS has been considered as the sole precursor though reaction products of the both are vastly different. The fly ash based alkali activated composites commonly known as geopolymers have a three dimensional polymeric gel network predominantly made of cation enabled aluminosilicate gel. The cation in most cases is sodium, which is available via the alkali activator used, which in most cases are sodium hydroxide, sodium silicate or a mixture of both. Ground granulated blast furnace slag on the other hand generates a calcium silicate hydrate gel. The preferred curing method of the fly ash and slag based composites are also different. Generally, heat and water curing being used for the fly ash and slag respectively. Among the two materials fly ash is being used more because of the fact that it is more easily available than slag. Fly ash based geopolymers have demonstrated very high acid, sulphate and thermal resistance 7, 8 which could be very useful in structural applications in extreme environments. But the hurdle in producing flyash based geopolymer composites with reasonably good mechanical properties, is the low reactivity of fly ash. In order to counter this specific problem ,researchers have used highly concentrated alkali activator solutions and have been fairly successful in producing geopolymer composites having compressive strengths ranging from 40-75 Mpa. But raising the concentration of the alkali activated solution raises the manufacturing costs substantially against manufacturing of sodium silicate is a very energy intensive process and as a result it lessens the impact of the geopolymer composites as a low energy green material 9 . Ground granulated blast furnace slag when subjected to alkali activation shows much higher initial reactivity than fly ash. It evident in terms of higher heat release and lower initial setting time also. It also leads to the usage of less concentrated alkali activated solutions. But in comparison to fly ash based geopolymer composites, ground granulated slag (GGBS) based composites exhibit lower durability characteristics like acid, sulphate and thermal resistance. The main reason for this being the calcium silicate hydrate based gel network which is very similar to the one exhibited by Portland cement based gel system. Thus in order to produce a geopolymer composite with a low energy footprint , high mechanical and superior durability properties a blended source material combining fly ash and ggbs , should be used. However, in order to produce a high performance blended geopolymer composite and to ascertain a unique mix design methodology which will be different from the ones being used for single source material based geopolymer composites . More investigations have to be made to appreciate the effect of synthesizing parameters like effect of concentration of alkaline activator solutions, water-binder ratio and curing temperature are of prime importance. This paper has attempted to highlight the effect of the various concentrations of sodium hydroxide on a thermally cured fly ash-GGBS based blended composites and to indicate an appropriate alkali concentration suitable for such composites. It has also tried to explain the nature of the reaction products which have been found to be a hybrid sodium alumino-calciumsilicate hydrate like polymeric gel. The research results have also indicated that formation of a proper polymeric gel structure does not occur at low alkali concentration 10, 11 . Though addition of slag (GGBS) enhances the reactivity of the blended source material and only water curing will enable gel formation. However, thermal curing has been used for this study. The reason for this being that water curing of a fly ash-slag geopolymer composite gives rise to reaction products similar to that of an alkali activated slag composite 12 and that hinders the durability related properties of the composite. Thermal curing should enable the geopolymer composite of a polymeric alumino silicate gel structure along with a calcium aluminosilicate gel displaying the superior durability characteristics than that of a fly ash based geopolymer composite and simultaneously exhibiting higher mechanical properties of a slag based composite. Specifically for this reason a separate study was conducted to determine the appropriate curing temperature for a fly ash-slag composite and a curing temperature of 60 o C was selected. This is incidentally lesser than the curing temperature of fly ash based geopolymer which is normally cured at 70-85 °C 13, 14 . The zeta potential which is an important factor in predicting the stability of a colloidal system has also been studied and the results indicate a clear relationship with the concentration of alkali activator. The electrical conductivity of the samples have also been reported and which can be a very important parameter in future studies predicting the corrosion resistance of reinforced geopolymer composites . There is an extreme scarcity of literature on thermally cured fly ash-slag blended geopolymer composites and this paper tries to address the effect of concentration of sodium hydroxide on its mechanical properties, reaction products, microstructure, colloidal stability as well as electrical conductivity in order to assess its importance and reliability as a blended geopolymeric source material using data regarding compressive strength, water absorption, apparent porosity, bulk density, ultrasonic pulse velocity, XRD, SEM-EDAX, FTIR, zeta potential analysis.
EXPERIMENTAL PROCEDURE

Materials
The geopolymer precursors used in this investigation were a fly ash (FA), Class F according to ASTM C 618, from Kolaghat thermal power plant, West Bengal, India, and a granulated blast furnace slag (GBFS) supplied by Durgapur Steel plant, West Bengal, India. The oxide compositions of the precursors are given in Table 1 . It is notable that the fly ash used is very low in calcium, which enables the development and analysis of calciumfree gel structures in the fly ash-based binder systems. The alkali activator was prepared by dissolution of sodium hydroxide pellets(Merck & Co.) in water and then adding sodium silicate (49.1 wt.% SiO 2 and 50.9 wt.% Na 2 O, supplied by Loba Chemicals.) in the mix water, which was then allowed to cool to room temperature prior to preparation of the specimens. The activator doses used were 8 wt% by total mass of precursor as described in Table 1 . All samples were formulated with a fly ash to slag ratio of 70:30,water/binder ratio of 0.38, and cured at 60 °C .The samples were casted into 50mm x 50mm x 50mm cubes. The mix ratio of 70:30 was taken on the basis of a previous study by this article's authors. The concerned study was on the effect of variation of slag on mechanical and microstructural properties of fly ash-slag and the 70:30 (flyash:slag) mix specimen was found to be the best performing mix formulation in terms of mechanical properties as well as microstructural characteristics. 
Analytical techniques
Microstructural and chemical analysis were performed on paste samples after an age of 7 days from the date of casting.: X-ray diffraction (XRD) using a Rigaku III instrument, scanning from 10% to 80% 2h, with a 0.02L step size and 2 s/step count time.
Fourier transform infrared (FTIR) spectroscopy, using the KBr pellet method in a perkin elmer spectrometer 100, scanning 32 times from 4000 to 400 cm −1 at 4 cm −1 resolution.
Field Electron Scanning Electron Microscopy (FESEM) with energy dispersive X-ray (EDX) analysis, at an accelerating volt-age of 10-20 kV using an (JEOL JSM-6700F)instrument. Zeta potential was measured using a Malvern Zetasizer. 
RESULTS AND DISCUSSION
Compressive Strength
The compressive strength of the mix is seen to increase with the increase of alkali content.There is an exponential increase of 154.55% in the compressive strength of the A2 mix over A1. A3 mix reports an increase of 15.97% over the A2 mix. The A4 mix sees an decrease of compressive strength of 6.06% over the A3 mix. But the A5 mix has a decrease in strength of 37.149%. High OH− concentration in the solution accelerates the dissolution of Si 4+ and Al 3+ from precursors and acts as a reaction catalyst, while Na + serves as a charge balancing cation in the structure 15, 16, 17 . But high sodium hydroxide concentration leads to an increase of pH which hinders the leaching rate of Ca + ions. Thus at an optimum alkali concentration,in this case 8%,Ca also contributes in the formation of andisordered structure with weak Al-O-Al bonds 18 . Presence of adequate Ca + ions in the gel framework can lead to the formation of phase-separated Alsubstitute calcium silicate hydrate (C-(A)-S-H) and geopolymer (N-A-S-H) gels. 19, 20 Studies have also shown that calcium content in alkali activated solid waste materials function extra sites of nucleation. 21, 22 One of the reasons for the dissolution rate increasing with addition of alkali content (Van Jaarsveld and Van Deventer, 1999) ,that Si 4+ and Al 3+ species are released from the fly ash particle surface and into the solution increasing the thickness of the solution which in turn is the first step towards gelation stage of geopolymer. Thus from Van Jaarsveld and Van Deventer's findings they suggested that leaching was, therefore, dependent on alkali solution concentration. (1999). Rattanasak et al., studied the actual leaching rates of Si 4+ and Al 3+ ions and on an average Si 4+ ion concentration close to 600 ppm was obtained with 10 M NaOH. For 5 M and 15 M NaOH, the concentrations were around approximately 200 and 260 ppm. At 5 M NaOH, the dissolution happened at a lower rate due to decrease in base condition. As molarity was increased to 10 M NaOH, the base condition was higher and the dissolution happened at a faster rate 23 . But at 15 M NaOH, the dissolution was again reduced owing primarily to an increase in coagulation of silica 24 which is also the case in this study where the compressive strength seems to decrease when the percentage of NaOH crosses 8% by weight of source material. Excess of OH -ions also causes a setback to the process of polycondensation which in turn has as a negative effect on the compressive strength 25 .
Bulk Density, Water Absorption, Apparent Porosity, Ultrasonic Pulse Velocity Test Results
The bulk density for the A1 mix with 4% Na 2 O is seen to have the lowest bulk density value at 1700.27 kg/m closer packing of the molecules which in this case can be supported through the images of the microstructure which are in sync with the bulk density. The closer packing about the gel structure of the alkali activated flyash slag geopolymers can also be corroborated by the apparent porosity and water absorption results. The apparent porosity of the samples decreases with increase of alkali content upto the optimum level of 8%. The lowest apparent porosity value was found to be at 4.71% for the A3 mix and the highest value was found for A5 mix at 14.23 %.Water absorption percentages for the different mixes followed the same trend with the A1 and A4 mix recording the highest and lowest values respectively.The changes in the above mentioned mechanical properties can be corroborated with UPV values as well. The UPV values of the A1, A2, A3, A4, A5 mix's are 3.56 km/sec,3.97 km/sec, 4.10 km/sec, 3.82km/sec and 3.33 km/sec respectively. At low alkalinity neither the alumina, silica species from fly ash nor the calcium species from slag is sufficiently dissolved thus leading to lower mechanical properties From the micrographs it can be seen that addition of sodium hydroxide leads to the formation of a more homogenous geopolymer but upto the optimum content of 8%. The calcium present in the composites acts as a seeding or precipitating element. The edax results also show that the calcium content risesupto A3 sample but starts decreasing there after thus reiterating the statement that high alkalinity obstructs the calcium from participating in the geopolymerisation reaction.The results signify that alkali content upto 8% is beneficial for the formation of a more cohesive microstructure in fly ash based geopolymers.The changes in gel network can be further explained with the FESEM images given in the FESEM/EDAX discussion analysis section. X -RAY diffraction analysis X ray diffraction data of the A1 mix suggests that the basic ingredients of fly ash such as quartz, mullite along with calcite due to the slag are present in it. But the data did not point to the presence of sialate,polysialate atoms that are the main products of geopolymerisation. In the A2 mix it was noticed that the in addition to the peaks of quartz and mullite, there were peaks denoting silimanite, an alumino silicate compound which signified improved level of geopolymerisation. In the A3 mix it can be seen that an alumino-calcium-silcate hydrate gel phase can be seen in the peaks. This phase is the result of high amount of cross linkage between the geopolymeric gel phase and calcium silicate hydrate gel phase e.g a product of the alkali activation of slag. As the percentage of alkali content increases in the A4 mix, the order of crosslinkage between the aluminum, silica and the calcium ions increases. As a result of this there are more peaks of cross linked alumina calcium silicate gel in the A4 mix than A3 mix. Analyzing the abovementioned peak diffraction data it can be seen as the percentage of sodium hydroxide is an integral factor controlling the process of geopolymerisation. Geopolymerisation can be divided into four stages (i) dissolution of Si and Al from the solid aluminosilicate materials in a strong alkaline aqueous solution, (ii) formation of Si and/or Si-Al oligomers in the aqueous phase, (iii) polycondensation of oligomers to form a three-dimensional aluminosilicate framework and (iv) bonding of the undissolved solid particles into the geopolymeric framework and hardening of the whole system into a final solid polymeric structure. And on closely monitoring the XRD data we can deduce that in the A1 mix due to inadequate NaOH concentration dissolution of the Si and Al ions did not take place properly thus hampering the progress of the subsequent stages. As the percentage of NaOH started increasing and reached an adequate amount in the A3 and A4 mix the first stage e.g dissolution of Si and Al ions was completed properly.
Scanning Electron Microscopy/Energy Dispersive X-Ray Analysis
As has been discussed in the XRD analysis section the concentration of NaOH ions in the activator solution has an effect on the progress of the various stages of geopolymerisation. This is clearly reflected in the sem images. SEM images of the A1 mix clearly point to the fact that gel structure is disjointed in nature leaving multiple number of voids in the structure, a few unreacted fly ash particles can also be seen. The lack of adequate OH -ions resulted in the incomplete dissolution of Si, Al and Ca species thus a lot of inactivated fly ash and slag particles can be seen. In the A2 mix we can see an improved and more cohesive microstructure with lesser number of voids. But the gel matrix has still not been properly formed, unreacted fly ash slag particles still remain. In A3 mix we can see that relative to other samples more gel formation has taken place and a few products of precipitation can be seen. The calcium content also rises in this mix compared to A1 and A2. As the alkali content is increased upto 10% of total weight in the A4 sample, cracks can be seen to develop. From the EDAX analysis and the XRD analysis the gel matrix consists of calcium silicate hydrate gel as well as a hybrid alumino-calcium-silicate gel. The percentage of Ca ions shown in the edax analysis also decreases as leaching of calcium ions are inhibited by high pH. But as the alkali content is increased to 12% there is deterioration in the gel matrix as cracks become visible. As there is excess OH -ions it affects the geopolymerisation reaction in a negative manner. The calcium silicate hydrate is also not able to form. Due to the abundant OH -ions dissolution occurs very quickly and flash setting takes place and this impedes the geopolymerisation reaction to a great extent resulting in the formation of cracks along the gel matrix.
FTIR Analysis
On analyzing the FTIR data it was seen from fig 8 that there was a broad hump in the range of 3300 cm -1 -3700 cm -1 in all the samples which can be attributed to the OH -group, the hump was wider in case of the A2, A3 and A4 sample. There was also a sharp peak intensity at 3704-3709 cm -1 which is due to the stretching vibration of OH group. The hump noticed from 977 to 1134 cm -1 for A2 and A3 mix due to the asymmetric stretching vibration of Si-O-Si evolves into a sharp peak for A1 and A5 which signifies the incomplete geopolymerisation process due to both excess and inadequate OH -groups respectively. The peaks at 470 to 480 cm -1 denoting bending Si-O-Si group vibration seems to shift to a lower wavenumber for A1 and A5 samples. Peaks due to C-S-H gel can be seen at 880 to 900 cm -1 which is a comparatively lower wave number as the C-S-H gel is normally seen at 900 to 950 cm -1 for alkali activated slag samples. This is due to the fact that as the samples are thermally cured the aluminosilicate gel is functioning as the major gel network with C-S-H functioning as the minor one. The transmittance data in general points to the fact that the absorption values of the various functional groups has increased with increase with increase in sodium hydroxide concentration upto the optimum level of 8% thus signifying higher order of polymerization taking place in the A2 and A3 sample.
Zeta Potential
Zeta potential is an important factor governing electrostatic interactions in particle dispersions and, as such, it plays a key role in understanding the stability of colloidal dispersions. It is used in formulating optimal solutions of suspensions and emulsions and can also be used to build a long-term stability prediction model 26, 27, 28 . It has been known to have an effect on the microstructure of geopolymer specimens 29 . Analytical techniques like XRD,SEM and its relationship with hardeed and fresh properties of concrete has already been conducted by the authors as well as other resarchers. 30 In the current study a relationship has been tried to establish between zeta potential and other mechanical properties of the test specimens. The zeta potential values of the fly ash and slag raw materials were -9.44 mV and -13.9 mV respectively. The negative zeta potential signified that the silicates (-O-SiO 2 -) and aluminates (-O-AlO-) were present abundantly near the surface. The negative zeta potential of the mix's A1, A2, A3, A4, A5 is seen to increase with addition of sodium hydroxide content. As the leaching rate of silicates and aluminates depends upon the rate of dissolution which increases with the addition of sodium hydroxide solution, it can be said that the negative zeta potential leads to faster dissolution. This aligns with fact that A5 having the highest negative zeta potential values had experienced flash setting which can be attributed to the higher rate of dissolution. The XRD results also points to the fact that the gel formation increased with higher negative zeta potential values as the peaks of aluminosilicate and calcium aluminosilicate had higher peaks. The higher zeta potential of the A5 mix could also be a result of the additional OH-ions of the mix which had negative impact on the structure of the geopolymer. The electrical conductivity of the samples are seen to increase with the addition of the sodium hydroxide solution.The conductivity recorded for the A1 sample with 4% NaOH is the lowest at .0569 mS/cm,the value increases significantly for A2 sample at .123 mS/cm. The conductivity for the A3, A4, A5 samples continue to increase with recorded values of .172 mS/cm, .314 mS/cm and .345 mS/cm respectively. The increase of conductivity of the samples can be attributed to the formation of denser microstructure with increase in sodium hydroxide as visible in the sem images.The increase in ions as well as ionic mobility due to the greater leaching of Si + , Al + ions may also influence the conductivity of the samples.
CONCLUSION
1)
Experimental results given in Fig. 6a to 6e and Fig. 7a to 7e indicated the co-existence of calcium silicate gel and aluminium silicate gel.
2)
The addition of sodium hydroxide up to a concentration of 8% results in the formation of a extremely dense and more compact microstructure, and provided higher value of other mechanical properties e.g compressive strength, bulk density, apparent porosity and water absorption values along with ultrasonic pulse velocity values. This may be attributed to the increase of rate of dissolution with increase in sodium hydroxide content,which leads to the leaching of Si +++ , Al +++ and Ca ++ ions. However, excess sodium hydroxide ( more than 8% ) leads to flash setting and does not allow one to have a proper workable mix.It also impedes the formation of calcium silicate hydrate gel. As a result lower strength was observed as can be seen in Figure 1. 3)
The zeta potential value as well as electrical conductivity values increases with the increase in sodium hydroxide concentration. This can be attributed to the greater ionic mobility generated in the specimens due to the higher rate of leaching of Si +++ , Al +++ ions due to the increase of sodium hydroxide content.
